
Problem Set 8
PHY 465 - Spring 2015

Assigned: wednesday, Apr. 15 Due: Tuesday, Apr. 21

Reading: Shankar Ch. 18.4-5

Problems 1-3: Electromagnetic Interactions

Shankar 18.4.2-4

Problem 4-5: Interaction of Atoms with Electromagnetic Radiation

Shankar 18.5.1-2.

Problem 6: Photoelectric Effect Generalized

Suppose that light with frequency ω and momentum in the ẑ-direction that is linearly
polarized in the x̂-direction is incident on a fictional single-electron atom whose ground state
wavefunction is identical to that of a three-dimensional isotropic harmonic oscillator with
frequency ω0. Calculate the differential cross section dσ/dΩ for the photoelectric effect for
this atom. You may assume that the final state electron is free, i.e., in a plane-wave state.

Problem 7: Hydrogen Atom in Momentum Space

What is the probability of finding the electron in the ground state of the hydrogen atom
with momentum ~p ? How is this result related to your result for the photoelectric cross
sections in Problems 4-6?

Problem 8: Bound State Aharonov-Bohm Effect

Consider a charged particle confined to a 1-D ring of radius R.
a) By demanding that the wave function of the particle be single-valued, show that the

energies are quantized and find the energy levels.
A thin solenoid of radius r � R is threaded through the center of the ring, perpendicular

to the plane of the ring. The magnetic field is B0ẑ within the solenoid and 0 outside it. We
are using cylindrical coordinates (z, ρ, φ) where z is along the solenoid and ρ, φ are polar
coordinates in the plane of the ring.

b) Show that the following vector potential gives the correct ~B-field:
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c) What are the allowed energy levels now? For what values of B0 is the spectrum the
same as your answer to part a)?

Please write down how many hours you spent on this problem set.


